Abstract Sclerotinia blight, caused by soil-borne fungus Sclerotinia minor Jagger, is one of the destructive diseases in groundnut. Pathogen affected plants usually displays lesions, wilt and collapse which cause high yield losses. Traditional field screening is time and resources consuming. Molecular markers associated with resistance genes offer an alternative selection technique which is relatively easy, more definite and not influenced by environmental fluctuations. In the present investigation, a marker-assisted diagnosis was done to screen 256 diverse germplasm for the presence or absence of SSR markers reported resistance or susceptibility to sclerotinia blight. One hundred and forty two genotypes from different botanical varieties were recognized as new potential sources of resistance to sclerotinia blight for field evaluation. The banding pattern related to the disease resistance is observed at high frequency in the variety vulgaris (39.4 %) and less distributed in the varieties fastigiata (38.0 %) and hypogaea (19.7 %) among the resistant genotypes in the collection. These genotypes had same banding pattern as reported for resistance germplasm. This work reports the successful application of marker-assisted diagnosis as a tool to identify resistance to sclerotinia blight in diverse collections.
Introduction
Groundnut (Arachis hypogaea L., Fabaceae), also known as peanut, is one of the major oilseed crops worldwide in tropical, subtropical and warm areas of approximately 100 countries, grown on 24.7 million ha with a total production of nearly 41 million tons annually (FAO 2012) . About two-thirds of global production is used for vegetable oil and the remaining is utilized for edible product and as seed (Upadhyaya et al. 2011) . Groundnut is a rich source of edible oil (about 48 %) and protein (about 26 %), used globally for human nutrition (Sarvamangala et al. 2011) . The biological value of groundnut protein is among the highest of the vegetable proteins (Shoba et al. 2012) . The cake obtained after extraction of oil and plant haulms are used in the livestock feed industry (Nigam and Aruna 2008) . Groundnut also fixes atmospheric nitrogen, thus, improving the soil fertility.
Many biotic and abiotic stress factors limit the groundnut production in various eco-agricultural systems. Leaf spots, rust and soil-borne diseases among the biotic stresses are globally important diseases affecting both production and seed quality (Liao and Holbrook 2007) . Of recent, soil-borne pathogens have become more important in many parts of the world (Thiessen and Woodward 2012) . Sclerotinia blight is one of the most destructive soil-borne diseases of groundnut (Livingstone et al. 2005) , causing yield losses up to 50 % (Butzler et al. 1998 ). Sclerotinia blight is caused by soil-borne fungus S. minor Jagger which is an ascomycetes that produce white aerial mycelia and black, irregularly shaped sclerotia (Thiessen and Woodward 2012) . Soil with pH near 6.5, cool temperatures and high relative humidity or rainfall are the favorable conditions for sclerotial germination and infection (Bailey and Brune 1997) . Pathogens usually attack groundnut root and stem at or near the soil surface and destroy the vascular tissue of the crown, at which time the plant wilts and collapses (Laemmlen 2001) . Several fungicides have been recommended to control the disease (Smith et al. 1992) . Cultural practices such as crop rotation (Melouk and Backman 1995), tillage practices (Wu and Subbarao 2003) , seed fungicide-treatment (Porter and Melouk 1997) , and drip irrigation have been used to reduce the production costs, and soil contamination by fungicides (Gil et al. 2008 ) but these measures have not been sufficient to disease control. Host plant resistance is the most effective solution to manage sclerotinia blight and protect the environment (Chenault et al. 2009 ). However, desired progress through genetic resistance has not been achieved because of complicated inheritance mechanism and limited number of known sources of resistance (Chamberlin et al. 2010) . Screening of more germplasm might help to find new sources of resistance to soil borne diseases to support breeding programs.
Traditional method of screening of germplasm in affected field plots is time and resource consuming. Several factors contribute to the development of uniform occurrence of diseases in the field conditions, which often make it difficult to achieve uniform infestation of disease pressure on test genotypes, leading to misclassification of germplasm. Advances in molecular marker technologies have opened the door to applying these techniques for screening of breeding populations to increase the efficiency of selection (Boopathi 2013) . Marker assisted diagnosis probably would be cost-effective and faster for selection of resistance vis-à-vis field evaluations (Arus and Moreno-Gonzalez 1993; Ender et al. 2008; Ashkani et al. 2012) . Simple sequence repeats (SSRs) are the marker of choice for use in such applications as these are reproducible and co-dominant markers used extensively in breeding studies (Mondal and Badigannavar 2010) . Simple sequence repeats in groundnut have been used to identify resistance to late leaf spot (Shoba et al. 2012) , rust (Mace et al. 2006) , and nematode (Nagy et al. 2010) . Simple sequence repeats associated with resistance to sclerotinia blight have been reported in groundnut (Chenault et al. 2009 ), which were used to characterize U.S. peanut mini core collection (Chamberlin et al. 2010 ) to identify sclerotinia blight resistant germplasm.
The aim of this investigation was to identify new sources of variation for sclerotinia blight in 256 peanut germplasm using SSR markers previously reported associated with resistance to sclerotinia blight.
Materials and methods

Plant materials
Two hundred and fifty six groundnut germplasm, which include ICRISAT groundnut mini core collection (Upadhyaya et al. 2002) , breeding lines, local landraces, and registered cultivars, were used as a genetic material in this study (Table 1) . PI 482189 (resistant) and PI 496448 (susceptible) were used as controls by Chamberlin et al. (2010) to differentiate the test materials into resistance or susceptible category based on SSR marker profile.
Molecular analysis
The seeds were germinated in the West Mediterranean Agricultural Research Institute's fields of Antalya, Turkey (36°52 0 N. 30°50 0 E. 15 m elevation). Groundnut leaves were collected from plants and stored at -80°C for DNA extraction. DNA isolation was carried out using the CTAB method (Doyle and Doyle 1990 ). The quality and quantity of the DNA extracts were checked by agarose gel electrophoresis with a DNA standard. The DNA extracts were suspended in milli-Q PCR water and stored at -20°C.
The PCR analyses were conducted and templates for PCR reaction set up for 20 ll as follows: 2 ll of (Chenault et al. 2009 ), amplification was performed in a programmable thermocycler (BIONEER, MyGenie TM ) under the following conditions: 94°C for 2 min, 35 cycles of 94°C for 45 s, annealing temperature 60°C for 1 min, 72°C for 90 s, and then a final extension of 10 min at 72°C (Ferguson et al. 2004) . PCR products were separated in 2-3 % agarose gels in 19 TBE buffer and visualized under UV light after staining with ethidium bromide. The expected bands were determined visually and recorded. Amplified products were also analyzed in the Fragment Analyzer TM which is high resolution bio-imaging system (Advanced Analytical Technologies GmbH, Heidelberg, Germany). The DNF-900 Reagent Kit was used for qualitative analysis of DNA fragments ranging from 35 to 500 bp. The markers for 35 and 500 bp fragments were used for normalization, respectively. After analysis, virtual gel imaging was analyzed with the software PROSize 2.0 (Version 1.2.1.1) (Advanced Analytical Technologies, AMES, IA, USA). All reactions were performed twice. Amplified bands were scored as previously reported by Chenault et al. (2009) . The authors identified four possible band amplifications (L, S, B, and b) using with the sclerotinia blight associated marker. If a genotype had only the 145 bp band, it was scored as L. When genotypes had predominant 145 and 100 bp bands, they were scored as B and b, respectively. Genotypes amplified only 100 bp band were given an S score.
Results and discussion
Molecular marker analysis was performed to screen sclerotinia blight resistance in groundnut collection. Two different band patterns (L and S) were observed in agarose gel (Fig. 1) and high bio-imaging system following to PCR amplification (Fig. 2) . No genotypes had patterns B and b. Chenault et al. (2009) stated that genotypes with 145 bp band were scored as ''L'' associated with sclerotinia blight resistance while genotypes carrying only 100 bp were given a score of ''S'' indicating susceptibility. In the present study, 142 genotypes showed the sclerotinia blight resistant fragment with 145 bp in the collection, while 100 bp band detected in 108 genotypes was associated with susceptibility (Table 1) . Rest of six genotypes amplified no band following PCR amplification. The resistance allele in this study was present in higher frequency than susceptible resistance allele in the groundnut collection. The present investigation therefore reports new sources of resistance to sclerotinia blight in groundnut. For a better comparison, in the U.S peanut mini core collection only 39 individuals from spanish, valencia, runner market types were classified as new potential sources of resistance (Chamberlin et al. 2010) .
The cultivated groundnut has two subspecies, A. hypogaea ssp. hypogaea and A. hypogaea ssp. fastigiata (Gregory et al. 1980) , and six botanical varieties hypogaea, hirsuta, fastigiata, peruviana, aequuatoriana and vulgaris. Moreover, the commercially grown cultivars are grouped into four market classes, the runner, virginia, spanish, and valencia market types (Krapovickas and Rigoni 1994) . In the present study, the vulgaris types (39.4 %) were found more resistant to sclerotinia blight than those of fastigiata (38.0 %) and hypogaea (19.7 %) types (Table 2) , with showing R banding pattern using the SSR marker among the resistant genotypes of the collection. This result highly compatible with the field study by Porter et al. (1975) who stated that spanish-type (variety vulgaris) groundnut has more resistance to sclerotinia blight than virginia types. Chenault et al. (2009) also identified high resistance in spanish types through molecular analysis.
This study included 186 groundnut mini core genotypes from ICRISAT. In the mini core collection, the R banding pattern related to the disease resistance is observed at high frequency in the variety vulgaris (48.6 %) and less distributed among the varieties fastigiata (31.3 %) and hypoegaea (17.3 %) among the resistant genotypes in the mini-core collection. Variety peruviana had only two genotypes in the collection and both of them consistent with resistance marker. The botanical variety aequatoriana was presented only one germplasm which was indicated resistance to sclerotinia blight disease after molecular analysis. The presence of sclerotinia blight resistance in the U.S. peanut mini core collection was also examined with molecular survey by Chamberlin et al. (2010) . All spanish genotypes in that collection carrying S banding pattern which is less observed in the virginia (46 %) and runner market types (35 %). These findings confirm the usefulness of the sclerotinia blight resistant marker and effectiveness of MAS for groundnut breeding programs.
The wild species are good sources of sclerotinia blight resistance genes in groundnut (Tallury et al. 2014) . However interspecific incompatibility and unfavorable linkage drag associated with resistance to diseases cause to limited success in transferring disease resistance (Murty and Jahnavi 1983) . Molecular markers tightly linked to disease resistance loci may increase selection efficiency in interspecific derivatives (Mace et al. 2006) . In this study, the disease resistant marker indicated that it could be directly used for marker-assisted breeding. However it is insufficient without yield traits. Groundnut is an industrial crop and comprehensive information or database on agronomic traits of all genotypes must be available for optimal commercial exploitation. The sclerotinia blight resistant sources identified from different botanical varieties in the present study therefore should be evaluated agronomically to provide better opportunities in developing high yielding resistant cultivars appropriate for different regions. 
